Background
Results
Seventeen cases occurring between 2002 and 2016 were included. Five main themes were identified: treatment as torture, power imbalances, rights of parents, evidence versus beliefs and the rights of Indigenous Peoples. Sentiment analysis revealed an overall negative tone, as demonstrated by 73% of the articles.
Interpretation
A better understanding of factors that lead to abandonment of conventional therapy for traditional and complementary medicine as portrayed in the news media may help healthcare providers prevent the occurrence of these cases. PLOS 
Introduction
Traditional and complementary medicine (T&CM) use among children with cancer is common worldwide, with use often motivated by intention to cure. [1, 2] These T&CM therapies include any health practices outside of the dominant, Western or allopathic paradigm, hereafter referred to as conventional therapy (CT). With regard to cancer treatments, CT typically includes chemotherapy, radiation and/or surgery. Treatment abandonment, defined as failure to begin or complete curative CT, [3] may be related to a desire for exclusive use of T&CM. [4] Treatment abandonment is rare in high-income countries (HIC), with estimates of less than 5% of families attempting to abandon treatment. [5] A recent study in adult cancer patients showed that exclusive use of T&CM strategies without CT is associated with a greater risk of death. [6] There is a paucity of medical literature examining why some families prefer T&CM over CT. However in HIC, cases where families leave or attempt to leave CT may be published in the news media. These cases may have a disproportionate impact on public perception of the interplay between T&CM and CT. Previous studies have examined legal cases where families have refused CT in HIC. [7, 8] To our knowledge, no studies have examined media reports of abandonment of CT for T&CM in HIC.
We reviewed media portrayals of families leaving CT for T&CM in pediatric cancer in order to help practitioners understand what pre-conceived notions exist about the role of T&CM and CT, with the hope of improving collaboration between healthcare providers, T&CM practitioners and families.
Methods

Data sources and searches
We searched the news databases LexisNexis and Factiva for terms related to cancer, children and traditional and complementary medicine (T&CM) (see S1 Appendix) between May 24, 2006 and May 24, 2016 . LexisNexis is an online database of over 350 full text newspapers from Europe and Norther America. [9] Factiva is an online database from Dow Jones containing over 32, 000 sources. Both databases include local, national and international news sources.
[10] For feasibility, we reviewed only news articles in English and over a ten-year period; however, included any cases that had occurred since 2002, the year when the first iteration of the World Health Organization (WHO) T&CM strategy was published. [11, 12] Articles were screened by two reviewers (CD and SM) and cases were included based on the following criteria: 1) Child (<18) with a cancer diagnosis, 2) Attempt was made to abandon or successfully abandoned cancer therapy that was deemed lifesaving or necessary by the treating team, 3) Case occurred between January 1, 2002 and May 24, 2016 and 4) Treatment was left to seek out any type of T&CM as per National Center for Complementary and Integrative Health (NCCIH) definition, including prayer. [13] Exclusion criteria included: 1) Adult (>18) patient, 2) Non-cancer diagnosis, 3) Child in palliative phase of treatment and 4) Treatment sought not T&CM.
After cases were identified through the primary search, a secondary search was initiated using the child's name. Where the child's name was not available, specific terms related to their case were searched. Databases searched included LexisNexis Academic, Factiva and Google News Archive. All articles available through LexisNexis Academic and Factiva were retrieved for sentiment mining but only cases with greater than 15 articles were included in the sentiment analysis. A sample of up to 20 articles for each identified case were retrieved for qualitative analysis.
Outcomes
For every case identified, we sought to identify the following outcomes where available: name, age, gender, location, conventional therapy received, T&CM proposed or used, and clinical outcome.
Qualitative analysis
Two study team members (KS and CD) analyzed 20 articles for each case, or all articles that were available if less than 20 articles were published, from a grounded theory perspective. [14, 15] Documents were coded and concepts were identified based on coded elements. Concepts were compared between study team members and organized into themes and sub-themes using a consensus-based approach.
Sentiment analysis
Articles related to 10 patients were analyzed (Abraham Cherrix, Cassandra Fortin, Daniel Hauser, Jessica Crank, JJ, Katie Wernecke, Makayla Sault, Neon Roberts, Oshin Strachan and Sarah Hershberger) using automated sentiment analysis. 100 articles from across the case spectrum were analyzed by two study team members (CD and KS), and each article's sentiment was rated as positive or negative. Designation of sentiment was appended based on the overall tone of the article. We did not distinguish between articles that were negative or positive toward a specific party, i.e. the patient or the physician, but instead evaluated the overall tone of the article.
These articles, which composed the training dataset, were then loaded into a computer program and 'vectorized'. In machine learning, 'vectorization' refers to the process whereby real data are transformed into a numerical representation more easily interpretable by computational algorithms. The vectorization of the training set followed the 'bag of words' approach. Each word was mapped to an index in a vector, with the numerical value of that vector component encoding the number of occurrences. [16] In order to reduce the number of unique features, each word was lemmatized and transformed into its base dictionary equivalent. Stop words, punctuation, digits, and proper nouns were removed. The lemmatization process was assisted by the use of the Natural Language Toolkit (NLTK) package for Python. [17] Once lemmatized, the bag-of-words vectors were used as training data for a linear support vector machine (SVM). A SVM was chosen over other competing machine learning algorithms (i.e. neural networks) due to its relative stability in the presence of fewer samples. [16] The goal of a linear SVM is to find the maximum margin hyperplane between two classespositive and negative articles-based on the components of each of the bag-of-words feature vectors and each vector's associated class.
Several parameters were tuned in order to train the SVM. These included loss and penalty functions, weight of regularization parameters, and number of iterations required for stable convergence of a stochastic gradient descent (SGD) classifier. A 5-fold cross validation settled upon a modified huber loss function with an L2 penalty, a regularization weight of 0.001, and 10 iterations. When applied to the training dataset, the trained model classified approximately 70% of the documents correctly. All training and classification was done within the scikitlearn ecosystem, a Python package for machine learning and data analysis. [18] 
Results
Outcomes
7722 articles were retrieved in the primary searches. After duplicates were removed, 6172 articles were screened by two reviewers (CD and SM). A total of 17 cases were identified that met inclusion criteria; features of the cases are outlined in Table 1 . Alive and well as of August 2011.
(Continued ) 
Qualitative analysis
Five main themes were identified. See Table 2 for a complete list of themes and sub-themes with supporting quotations.
1. Treatment as torture: the idea of cancer treatment being tantamount to torture was raised in discussion of many of the identified cases. For example, when describing the experience of their child Oshin receiving chemotherapy his parents stated, "It almost feels like Nazi Germany and I am honestly sickened by the treatment of all these children. . . nothing short of toxic hell". [19] 2. Power imbalances: several reports portrayed the cases as a power struggle between conflicting decision makers, all trying to represent the best interest of the child. Parents were portrayed as feeling powerless in the face of medical systems: "Mr Strachan posted another comment about the treatment, saying: 'Just when you think you know what pain is something comes along to show you some more. In hospital watching young Oshin getting sick and there is not a f ��� ing thing I can do about it.'" [20] 3. Rights of parents: much of the controversy centered on the challenging issue of parental rights versus the rights of the state. For example, in an interview with the Wernecke family, the interviewer Kerry Sanders stated, "Her father and mother argue this is a case of parental rights, but Texas state officials say those rights do not include the right to gamble with Katie [Wernicke]'s life." [21] Regional differences exist in how each case was arbitrated, however, common among all cases was the theme of whether or not parents had the right to make a decision that they felt was in the best interest of the child if that decision involved abandoning a potentially curable treatment for an unproven one.
4. Evidence versus belief: also controversial was the right of parents to reject empirically based medical therapies for treatments they believed to be less harmful or more effective. Patients and parents sought a more personal and individual treatment then what they felt was available from the medical system. Cassandra Fortin, a 17-year old teenager diagnosed with Hodgkin lymphoma stated, "I am so sick of being treated like a number and how everything is based off of statistics. I am a patient not a number." [22] 5. Rights of Indigenous Peoples: two cases, J. J. and Makayla Sault, both occurring in the same region of Canada, had the additional complexity of the Indigenous identity of the children involved. These controversial cases revealed the wide breadth of opinions held by Canadians with regard to the experience of Indigenous patients. For example, an editorial published in the Calgary Herald declared: "Traditions and community are wonderful things, but they are not cures for cancer. And if any indigenous treatments are potential cures, they should be used only after rigorous clinical trials have proven their efficacy, as happens with all other treatments." [23] Conversely, an unattributed quotation from an article in the National Post noted, "Aboriginal healers, medicines pulled from the soil and even seers are fixtures of the community, located barely an hour southwest of Toronto, residents say. To many of the reserve's people, Western style medicine is alternative health-care and native remedies the mainstream, said one community leader." [24] 
Sentiment analysis
The SVM applied to the entire collected corpus of articles reported a 27% / 73% split between positive and negative articles. Most cases had an overall negative tone (See Table 3 ). Additionally, we looked at the positive or negative weight given to each word. For a given word, the weight corresponds to how important that feature is in generating a positive or negative prediction. The top 5 most positive and negative features from the training dataset are reported in Table 4 . Precision reported from training is approximately 70%, compared with the precision reported by multiple humans classifying the same dataset has been reported as approximately 80%. [25] A review of a subset of the corpus resulted in a precision of 72%, which was expected from the training data.
Discussion
Media reports of children with cancer leaving CT for T&CM offer insight for health practitioners into public perception. From the 17 cases we identified, 5 major themes emerged: treatment as torture, power imbalances, rights of parents, evidence versus beliefs and rights of Indigenous Peoples. Tonality analysis of reports was largely negative, with the exception of reports about Abraham Cherrix (64% positive). It is unclear why this particular case had more positive coverage than other cases from the same time period (e.g. Katie Wernecke). This may be related to regional differences in reporting style and in acceptability of abandonment of therapy. Standardized care, fundamentally responsible for the survival gains in pediatric cancer over the past half-century, was identified in several cases as a negative aspect of conventional care. [26] Families stated that they wanted their child to be treated as an individual as opposed to a "statistic". Physicians as representatives of an industry that were "experimenting" on children was also a recurring theme. This sentiment is anathema to the vast majority of physicians; however, some families may enter the therapeutic relationship with profound mistrust. Working to include trusted T&CM practitioners in the care team may provide the approach to care that families require to build trust with the medical system.
In most countries, parents have a legal right to make decisions for their child; limitations exist on these rights to protect children from harm. This includes harm from failing to provide potentially curative medical therapy, known as medical neglect. [27] Controversy arises when the duty of the state to protect the child is pitted against opposing parental or individual rights. The case of Jessica Crank demonstrated conflict between the right to religious freedom and the State's duty to protect children from medical neglect. Previous analyses have identified potential inadequacies in the laws in the United States protecting children from religiously motivated medical neglect. [28] The cases of J.J. and Makayla Sault set the rights of individuals as Indigenous Peoples to pursue Traditional medicine against the fiduciary duty of healthcare providers to protect children from harm. [29] The interplay between child protection rules as they pertain to medical responsibility and the rights of Indigenous families to choose Indigenous practices was described by ethicist Margaret Somerville as "a world of competing sorrows, because no matter what you do somebody is going to be hurt or harmed or upset". [30] In Canada, a long history of colonialism and post-colonial institutionalized racism has spawned significant mistrust between Indigenous patients and the healthcare and legal systems. [31, 32] Disturbingly, we found that the word "Aboriginal" was associated with a negative sentiment in news articles. As outlined in the Calls to Action of the Truth and Reconciliation Commission of Canada, it is imperative that healthcare practitioners recognize the importance of Traditional healing and incorporate these practices in the treatment of Indigenous patients where requested.
[33] Our study presents a mixed-methods approach to analyzing news reports in pediatric oncology. We used news media as primary source material to interrogate the data source most accessible to patients and families. Our approach allowed insight in to a larger corpus of published articles than would have been achievable with solely qualitative methods. Our study has several limitations. As is the case with all machine learning algorithms, the addition of more training data would improve the results of the automated sentiment analysis. Our study is also limited by the quality of source material available. Many important cases are likely kept out of the news media. Due to privacy laws in most countries, cases that are in the news media are brought forward by parents and families, and not hospitals or physicians. This is an important source of bias in any analysis of news media reports of a health topic. Further, LexisNexis and Factiva present only a sampling of the news available. Further methodological strategies are necessary with the advent of online news, and non-traditional news platforms such as social media.
We were unable to include information from low and low-middle income countries, where treatment abandonment is a more significant contributor to mortality, because of language barriers, availability of newspapers in online databases, and in settings where treatment abandonment is more common it is less likely to be "newsworthy". News reports of abandonment of conventional cancer treatment for traditional and complementary medicine in low and low-middle income countries deserve careful scrutiny, however, it was outside the scope of this project. Further study should be focused on this area.
We present general assessments of overall tonality. Future analyses of media reports should attempt to quantify the positive or negative sentiment for specific elements, i.e. for or against providers, for or against parents, etc. This level of analysis was beyond this scope of this project. We noted that the term "doctor" was associated with a more negative sentiment, implying that there may be negative sentiment in news articles towards conventional health providers. Alternatively, "family" was associated with a positive sentiment. Future studies should consider interviewing families who have abandoned or attempted to abandon CT as a primary source. This task represents a daunting feasibility challenge, as the willingness of these families to participate in research may be lower than average.
We have analyzed news reports of families abandoning or attempting to abandon CT for T&CM. We hope a better understanding of what is portrayed to the public can help healthcare providers collaborate with families and T&CM providers to continue to improve outcomes for all children with cancer.
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